Total 95 isolates of Aureobasidium pullulans were isolated from different flowers and leaves samples, out of which 11 thermotolerant strains produced pullulan. One thermotolerant non-melanin pullulan producing strain, designated as RG-5, produced highest pullulan (37.1±1.0 g/l) at 42 o C, pH 5.5 in 48h of incubation with 3% sucrose and 0.5% ammonium sulphate in a non-stirred fed batch fermentor of 6 liters capacity. The two liters of initial volume of fermentation medium was further fed with the 2 liters in two successive batches at 5 h interval into the fermentor. The sterile air was supplied only for 10h at the rate of 0.5 vvm.
INTRODUCTION
Pullulan is the generic name given to water-soluble homopolysaccharide that is produced extracellularly by a polymorphic fungus, Aureobasidium pullulans (De Bary) Arnaud. It is a linear α-D-glucan connected with α-1,4 glycosidic bond mainly of maltotriose repeating units interconnected by α-1,6 linkages. The regular alternation of α-1,4 and α-1,6 bond results in two distinctive properties, the structural flexibility and enhanced solubility (10) . This polysaccharide is of great economic importance with increased application in food, pharmaceutical, agricultural and chemical industries (3, 15) . Pullulan produces a high viscosity solution at a relatively low concentration and can be used for oxygenimpermeable films and fibers, thickening or extending agent or adhesives or encapsulating agents (11) .
Till date, most of the studies have been reported for mesophilic strains of this fungus which produces pullulan up-to level of 30-36 g/l in flask shake experiments or in fermentor experiments at a temperature range of [24] [25] [26] [27] [28] [29] [30] [31] [32] o C at different physico-chemical conditions. (3, 4, 7, 8, 11, 14, 17) . However, till to date no work has been reported for higher production of pullulan above 35 o C.
Non-stirred fermentation system is beneficial over stirred fermentation system because it cuts down the cost and energy.
Therefore, strains capable of producing high amount of pullulan in non-stirred fermentation system may be beneficial for commercial production of pullulan. A thermotolerant strain 
MATERIALS AND METHODS

Isolation and Maintenance of Micro-Organism
A. pullulans was isolated from the flowers and leaves samples collected from nearby university campus. Isolation was done by selective enrichment method as followed by 
Inoculum Preparation
Cell suspension was prepared by inoculating 1 ml of 48h grown culture in 200 ml nutrient in broth of the same medium and incubated at 42 o C for 24h to achieve active exponential phase of the culture.
Optimization of Fermentation Conditions
The various process parameters influencing pullulan production by fermentation were optimized individually and independently of the others, therefore, the optimized conditions 
Extraction and Estimation of Pullulan
After fermentation, the culture medium was heated at 
Hydrolysis of the Purified Extracellular Polysaccharide and
Assay of Reducing Sugar
To assay the component of the extracellular polysaccharide, the purified precipitate was vacum desiccated to no alcohol by using a vacuum pump, then dissolved in 3ml 
Statistical Analysis
Karl Pearson method (Variability) was followed for statistical analysis. All the experiments were done in triplicate
and mean values were calculated using standard deviation.
RESULTS AND DISCUSSION
A total of 95 strains of A. pullulans were isolated. Out of these, 11 isolates of A. pullulans were screened, produced pullulans producing pullulan. During the isolation of A. pullulans another pullulan producing fungus, Eurotium chevalieri, was also isolated which produced pullulan but not up to the level of A.
pullulans. (5).
Besides other parameters in fermentation study stirred and non-stirred conditions are also important parameters which affect pullulan production during fermentation by A. pullulans (4, 9, 14) .
Time Course of Pullulan Production and Biomass Yield during Fermentation
Pullulan production is directly related to yeast phase of growth. Yeast-like cells are responsible for pullulan production (2). Incubation period for pullulan production differs from strain to strain, therefore incubation period has also been evaluated for pullulan production and biomass accumulation. Maximum pullulan production (23.0±1.5 g/l) was recorded at 48h of incubation ( Figure 1) . Further, after 48h of incubation, the production of pullulan became stable. This was mainly because the fungus did not produce pullulan degrading enzyme namely pullulanase. Similar trend in pullulan production was also observed by other workers (4) . Similarly, maximum biomass production was also observed at 48h, since formation of biomass 
Effect of Temperature on Morphology and Pullulan Production
Fermentation temperature is one of the most important factors for pullulan production affecting yeasts phase of A.
pullulans growth because change in the morphology adversely affects pullulan production. In this fungus, yeast form of growth is mainly responsible for pullulan production in submerged system of fermentation. It is clearly indicated in Figure 2 that strain could able to produce high amount of pullulan (25.0±0.5g/l) at 42 o C.
Hence, we can conclude that the highest yeast like cells could be survived and able to produce pullulan at 42 o C. This is an important finding showing the strain as a thermotolerant, which can withstand high temperature along with maximum production of yeast like cells which are mainly responsible for pullulan Pullulan by A. pullulans production. Till now, mostly the production of pullulan was done at a temperature range of 24-32 o C only (3, 4, 7, 9, 11, 14, 17) . This may suggest that the optimal temperature for pullulan production by A. pullulans vary from strain to strain. 
Effect of Initial pH on Pullulan Production
It has been reported that pH has profound effect on both the rate of production and the synthesis of pullulan. Different workers have reported pullulan production at different pH range of 3.0-6.5 in the medium (3, 4, 11) . The maximum production (27±0.5g/l) of pullulan in the batch cultivation was recorded at an initial pH 5.5 ( Figure 3 ). This implies that the optimal initial pH values for pullulan production depend on different yeast strains, composition of the fermentation medium and growth conditions. Therefore, the physiological function of A. pullulans varies from strain to strain in case of pH also. This is perhaps due to either special structure of the membrane and cell wall or transport system of the organism along with the change of cytosole pH due to medium constituents affecting the critical level at specific pka value of medium and ultimately affecting more or less hydrogen ion concentration which in turn affected cell growth or pullulan synthesis. The pH value reached much lower due to organic acid production by yeast cells after growth of A. pullulans, which affects negatively the extracellular polysaccharide production. 
Effect of Different Nitrogen Sources on Pullulan Production
Different nitrogen sources were also tested to optimize pullulan production in non-stirred fed batch fermentation by this fungus. Among different nitrogen sources (organic and inorganic), the highest pullulan production (37.6±1.2g/l) was reported with ammonium sulphate at the level of 0.5% ( Figure   6 ). In view of this context, different concentrations of ammonium sulphate were further studied. Highest pullulan production (37.1±1.0g/) was reported at the same concentration of ammonium sulphate. Below and above this concentration (0.5%) pullulan production decreased ( Figure 7 ).
Polysaccharide production commended on reaching nitrogen limiting condition, and the yield of pullulan fell when excess ammonium ion were present, even though other conditions were favourable for pullulan production. Various nitrogen sources were optimized for pullulan production by different workers (3, 4) . Perhaps ammonium ions may be responsible for production of higher biomass resulting in higher pullulan yield.
From the ongoing study it can be concluded that the isolated strain of Aureobasidium pullulans was able to produce higher amount of pullulan by utilizing lesser amount of sugar (3%) at 42 o C. This is a novel and an important finding because in industry temperature goes up during fermentation and cooling devices are needed to lower the temperature involving higher cost. Therefore, this strain of A. pullulans can effectively be used for pullulan production in industry to cut down the cost of pullulan. Further, this strain is being improved through mutagenesis, and also through specialized continuous fermentation system using immobilized cells of A. pullulans on suitable matrix by manipulating other fermentation conditions.
A significant increase of pullulan has also been reported in the above aspects. 
